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[10%] 1. Derive the dispersion relation of sound waves in a neutral atmosphere.

[10%] 2. Show that a fiuid can be considered as an incompiessible (luid when (he characteristic
wave speed is much less than the sound speed.

{20%] 3. Determine the velocity distribution of a 3-D poteatial Now around a spherical barrier

-~

with radius . The flow is uniform at x = — co with flow velocity V(x = — =) = V, X,

4. Consider an incompressible viscous fluid passing through a semi-infinite flat plate. Let

the plane of the plate be the xz hall plane with x > 0. The flow is uaiform at x < U,
wilh flow velocity ‘_\.}(x <0y =V, X. The dynamic viscous cocificient of this fluid is
v=1y/p, (where 77 is the viscous coellicient, and p is the mass density of the fluid)

[10%] (a) Derive the PrandIt’s boundary layer low cquation by scale analysis for velacity field
Vi{x,y) and Vi(x,y) at x> O and 3 > 0,

[5%] (b} Find the dependence between boundary kayer thickness and Reynolds number,

[5%] (c) Find the dependence between boundary Tayer thickness and distahee x lrom x = (),

[20%] 5. Flow between rotating cylinders is often ealled Couetite lHaw., Consider the motion of
a0 incompressible viscous fluid between (wo infinite coaxial cylinders with radii & and
Ry (R2 > Ry), rotating about their axis, z-axis, with angular velocitics £2; and €y,
respeclively. Delermine the velocily distribution ‘_\}(r} ol this Couettte flow,

6. Let us consider two special cases for the Coucttie (Tow deseribed in problem 5. Case A
with Ry = 0, and Case B with Ry =, and £2; = 0. In both cases, a linite amount of
fluid is sitting on a smooth surface al z=() and is subject (0 a gravitational lield.

[10%] (a) Delermine the equation of fluid surface, A(r), in Case A for O< r < Ry and boundary
condition h{r) =h, at r = .
[10%] (b} Determine the equation of [luid surface, i), in Case B for r > R and boundary

condition A(r) =h, at ¥ Seo.



